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Abstract
We present a new class of constraints to the lepton–family number and
R−parity violating couplings from muonium conversion, µ− + 4822Ti → e− +
48
22Ti, a class of tau decays, τ → l+ (light meson) with l = µ or e, and J/ψ
and pi0 decays into a lepton pair. We find that µ− + 4822Ti → e− + 4822Ti pro-
vides one of the strongest constraints along with ∆mK ,∆mB, µ → eγ and
the neutrinoless double β decay. Search for these lepton–family number vio-
lating (LFNV) decays forbidden in the standard model is clearly warranted in
various low-energy experiments such as Tau–Charm Factories and PSI, etc..
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I. INTRODUCTION
Lepton–family numbers are accidental global symmetries of the standard model (SM),
and thus the electron, muon, and tau lepton numbers (denoted by Le, Lµ, and Lτ , respec-
tively) are separately conserved as well as the total lepton number, Ltot = Le+Lµ+Lτ . On
the contrary, this is no longer true in the Minimal Supersymmetric Standard Model (MSSM)
[1]. Supersymmetry, gauge invariance, and renormalizability do not forbid the following lep-
ton number and/or baryon number violating terms in the renormalizable superpotential [2]
:
W6Rp =
1
2
λijk LiLjE
c
k + λ
′
ijk LiQjD
c
k +
1
2
λ
′′
ijk U
c
iD
c
jD
c
k + µiLiH2, (1)
where the meaning of L, Ec, Q, Dc, U c, and H2 should be self-evident, and the indices i,
j, and k refer to families. The SU(3)c color and the SU(2)L group indices are suppressed
for simplicity, and we have λijk = −λjik and λ′′ijk = −λ′′ikj . The first two and fourth terms
in Eq. (2) are lepton number violating, whereas the third term is baryon number violating.
It has been well-known that there is a very tight constraint on λ
′
λ
′′
from nonobservation of
proton decay [3] [4].
The most popular solution to such a stringent bound is to introduce a discrete symmetry
called R−parity defined as
Rp ≡ (−1)3B+Ltot+2S, (2)
where B, Ltot, and S are the baryon number, total lepton number, and intrinsic spin of a
particle, respectively. Then the ordinary particles appearing in the SM as well as the extra
Higgs boson in the MSSM are R−parity even, whereas their superpartners are R−parity
odd. Therefore, the R−parity conservation implies that the superpartners of ordinary par-
ticles be always produced in pairs, and that the lightest supersymmetric particle (LSP) be
stable. This property of LSP puts a strong constraint on the possible phenomenology at col-
liders. Also the LSP plays a potentially important role in cosmology as a (cold) dark matter
candidate [5]. This interesting symmetry, the R−parity, can be introduced even naturally
[6], that is, without any other symmetry except a gauge symmetry and supersymmetry.
However, the existence of the R−parity symmetry itself has not been confirmed. It is
clearly worth looking for the R−parity violating processes and deriving the constraints on
the R−parity violating couplings. The proton decay originated from the R-parity violating
terms can be evaded by assuming a weaker condition than the R-parity conservation, either
λ
′
= 0 or λ
′′
= 0. The latter corresponds to the baryon-number conservation. The last
term in Eq. (2) can generate neutrino masses [7], and have interesting phenomenological
consequences. However, it is irrelevant to the four-fermion processes considered in this
paper, and thus will be ignored from now on. In the case of the lepton-number conservation
(λ = λ
′
= 0), constraints on the baryon number violating couplings λ
′′
ijk can be obtained
from various hadronic processes [8]. In this work, we relax the R−parity conservation
assuming the baryon-number conservation, λ
′′
= 0, and derive new bounds on λ(
′)λ(
′). There
are many earlier papers where constraints on λ(
′)λ(
′) (assuming λ
′′
= 0) were derived from
various low-energy processes [9], including the neutrinoless double beta decay [10]. Recently,
Choudhury et al. [11] assumed that λ
′′
= 0, and obtained constraints on the lepton number
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violating terms, λ(
′)λ(
′), considering the neutral meson mixing, the flavor changing decays
of K,B mesons, and rare three-body leptonic decays of µ and τ such as µ → 3e and
τ → 3e, 3µ, e2µ, or µ2e. They got quite stringent limits on some combinations of these
couplings and the masses of superpartners of ordinary matter. Still, some couplings remain
either unconstrained (such as λ
′
322, λ
′
323), or only weakly constrained (such as λ
′
22k, λ
′
13k except
λ
′
133) from the consideration of Ref. [11]. So far the most stringent limits have come from
∆mK ,∆mB, K → µ+µ−, µ→ eγ [9,11] and the neutrinoless double beta decay experiments
[10], all of which yield λ(
′)λ(
′) < 10−6 − 10−8.
In this work, we consider various low energy processes with lepton–family number viola-
tions (LFNV) which can be induced/affected by the λ and λ
′
couplings in Eq. (1). In Sec. II,
we consider the muonium (M) → antimuonium (M) conversion and µ− + 4822Ti → e−4822Ti,
and find that the latter process gives one of the most stringent limit on λλ(
′). In Sec. III,
we consider a class of τ decays with LFNV, τ → l+ (light meson), Here, l = e or µ, and the
“light meson” represents a pseudoscalar (PS) such as π0, η,K0, or a vector meson (V ) such
as ρ0, K∗0, φ, ω. In Sec. IV, we derive constraints from J/ψ(orπ0)→ µ±e∓ and π0 → e+e−.
Then, we briefly summarize our results in Sec. V.
Before closing this section, let us write the R−parity violating interaction lagrangian in
terms of component fields :
Lint, 6Rp = λijk
[
ν˜iLekRejL + e˜jLekRνiL + e˜
∗
kR(νiL)
cejL
]
+ λ
′
ijk
[ (
ν˜iLdkRdjL + d˜jLdkRνiL + d˜
∗
kR(νiL)
cdjL
)
(3)
−V †jp
(
e˜iLdkRupL + u˜pLdkReiL + d˜
∗
kR(eiL)
cupL
) ]
+ h.c..
We have taken into account the flavor-mixing effects in the up-quark sector in terms of
the CKM matrix elements, Vjp. The disalignment between fermion and sfermion fields will
be ignored, since it is strongly constrained from the suppression of the Flavor Changing
Neutral Current (FCNC) processes. The sparticle fields in Eq. (3) are assumed to be the
mass eigenstates.
Integrating out the superparticles such as sneutrinos or u−squarks, we get the effective
lagrangian involving four fermions in the SM. (In this work, we will not be concerned about
the four-fermion interactions with neutrinos such as π → lν.) For example, by integrating
out the sneutrino fields, we get the |∆S| = 2 effective lagrangian,
L|∆S|=2eff = −
∑
n
λ
′
n21λ
′∗
n12
m2ν˜n
dRsL dLsR, (4)
and similarly for the |∆B| = 2 effective lagrangian. One can also get the effective lagrangian
for qi + qj → ek + el by integrating out the sneutrino and the squark fields. The resulting
effective lagrangian contributes to the processes, µ+ 4822Ti→ e+ 4822Ti and τ → l+PS(or V ),
where l = e or µ, PS = π0, η, or K, and V = ρ0, ω,K∗0, or φ. For q = d, we have 1
1We do not agree with D. Choudhury and P. Roy [11], in the detailed form of the effective
lagrangian for di + dj → ek + el. Compare our Eq. (5) with Eq. (7) of Ref. [11].
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Leff(di + dj → ek + el) = −
∑
n
1
m2ν˜Ln
[
λ
′
nijλ
∗
nklekLelRdjRdiL + λnlkλ
′∗
njiekRelLdjLdiR
]
+
∑
m,n,p
V †npVpm
2m2u˜Lp
λ
′
lnjλ
′∗
kmiekLγ
µelLdjRγµdiR. (5)
The first term comes from the sneutrino exchanges, whereas the second comes from the
u−squark exchanges. We have used the Fierz transformation in order to get the second
term. There is another effective lagrangian for qi + qj → ek + el, with q’s being up-type
quarks, which can be obtained from Eq. (3) by integrating out the d−squark fields :
Leff(ui + uj → ek + el) = −
∑
m,n,p
λ
′
lmpλ
′∗
knp
V †miVjn
m2
d˜Rp
(elL)
cuiLujL (ekL)
c (6)
→ − ∑
m,n,p
λ
′
lmpλ
′∗
knp
V †miVjn
2m2
d˜Rp
ekLγ
µelL ujLγµuiL, (7)
after the Fierz transformation.
II. CONSTRAINTS FROM MUON CONVERSION
A. Muonium → antimuonium conversion
Let us first consider the muonium conversion, M(≡ µ+e−) → M(≡ µ−e+). The four–
lepton effective lagrangian relevant to the muonium conversion (∆Lµ = −∆Le = −2) can
be obtained from Eq. (3) by integrating out the sneutrino fields :
Leff(µ+e− → µ−e+) = −λ321λ
∗
312
m2ν˜L3
µReLµLeR, (8)
In Eq. (8), we have used the antisymmetry of the couplings, λijk = −λjik, in order to simplify
the sneutrino contributions. The muonium conversion probability is usually translated into
the upper limit on the hypothetical coupling GMM defined as
L(M →M) = GMM√
2
(µ¯e)V−A (µ¯e)V+A + h.c.. (9)
Our effective Lagrangian, Eq. (8), is the same as Eq. (9) after the Fierz transformation, with
the following identification
GMM√
2
=
λ321λ
∗
312
8m2ν˜L3
. (10)
Therefore, the conventional limit on GMM can be readily translated into the Rp−violating
couplings.
The muonium conversion probability depends on the external magnetic field Bext in a
nontrivial way. This subject was recently addressed in detail by a few groups [12], and we
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use their results in the following. From the present upper limit on the transition probability
for the external magnetic field Bext = 1.6 kG,
Pexp(M →M) < 2.1× 10−9 (90%C.L.), (11)
one gets the following contraint on GMM < 9.6× 10−3GF 2. This in turn implies that
|λ231λ∗132| < 6.3× 10−3
(
mν˜L3
100 GeV
)2
. (12)
This constraint on the R−parity violating λ couplings is in the same order with other
constraints derived from lepton-flavor violating τ decays such as τ → 3l or ll′+l′− (with
l, l
′
= µ, or e) [11].
B. µ− + 4822Ti→ e− + 4822Ti conversion
In this subsection, let us consider the µ− + 4822Ti → e− + 4822Ti induced by the R−parity
violating λ
′×λ(′) terms. The relevant effective lagrangian at the parton level can be written
as
Leff = 1
2
eLγαµL
[
AdµTi dRγαdR + A
u
µTi uLγαuL
]
+
1
2
[
Sd,1µTi eLµR dRdL + S
d,2
µTi eRµL dLdR
]
, (13)
where Au,dµTi and S
d
µTi can be obtained from Eqs. (5) and (6) as follows :
AdµTi = +
∑
m,n,p
V †npVpm
m2u˜Lp
λ
′
2n1λ
′∗
1m1, (14)
→ +∑
n
λ
′
2n1λ
′∗
1n1
m2u˜Ln
for Vnp = δnp,
AuµTi = −
∑
m,n,p
V †m1V1n
m2
d˜Rp
λ
′
2mpλ
′∗
1np, (15)
→ −∑
n
λ
′
21nλ
′∗
11n
m2
d˜Rn
for Vnp = δnp,
Sd,1µTi = −
∑
n
2
m2ν˜L,n
λ
′
n11λ
∗
n12, (16)
Sd,2µTi = −
∑
n
2
m2ν˜L,n
λ
′∗
n11λn21. (17)
2 This type of interaction also arises in theories with dilepton-gauge bosons (Y ±, Y ±±) [13], such
as the 331 model considered by Frampton et al. [14]. This limit on the coupling GMM¯ is translated
into a lower bound on the mass of the dilepton-gauge boson, M2Y ±± > (690 GeV)
2.
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In many supersymmetric theories with lepton–family number violation, the µ− → e−
conversion on the 4822Ti nucleus occurs through the electroweak penguin diagram, µ
− →
e−+ γ∗(or Z∗), or through the box diagrams, µ−+ q → e−+ q (with q = u, d) where various
superparticles run around the loop. In our case with explicit Rp violations, on the contrary,
the effective lagrangian Eq. (13) arises at the tree level via superparticle exchanges in dif-
ferent channels. Therefore, the usual loop-induced µ− → e− conversion on the Ti nucleus
would be suppressed by O(α/16π2) compared with the tree level contribution from the above
effective lagrangian, and thus will be neglected in this work.
In order to evaluate the matrix element of the effective lagrangian Eq. (13) between
the nucleus as well as the initial and final leptons, we assume that the nuclear recoil is
negligible, and the nucleus and the initial muon can be treated as nonrelativistic. Under
these assumptions, the vector current and the scalar density of the nucleus contribute to the
coherent conversion process, basically counting the number of protons and neutrons inside
the target nucleus. Then, the conversion rate for the µ− + 4822Ti→ e− + 4822Ti is given by
Γ(µ− + Ti→ e− + Ti) = α
3
128π2
Z4eff
Z
|F (q2 ≃ −m2µ)|2m5µ |QeffµTi|2, (18)
where
|QeffµTi|2 =
[
(Z + 2N)
(
AdµTi + S
d,1
µTi + S
d,2
µTi
)
+ AuµTi(2Z +N)
]2
+
[
(Z + 2N)
(
AdµTi + S
d,1
µTi − Sd,2µTi
)
+ AuµTi(2Z +N)
]2
. (19)
For 4822Ti, one has Z = 22, N = 26, Zeff = 17.6 and F (q
2 ≃ −m2µ) ≃ 0.54 [15].
The experimental limit for the search for µ−+4822Ti→ e−+4822Ti is commonly given in terms
of the above conversion rate divided by the muon capture rate in 4822Ti, Γ(µ capture in
48
22Ti) =
(2.590± 0.012)× 106/sec [16] :
Γ(µ+ Ti→ e+ Ti)
Γ(µ capture in 4822Ti)
< 4.3× 10−12. (20)
This puts a strong contraint on |QµTi|2 :
|QeffµTi| < 1.2× 10−9 GeV−2, (21)
which can be translated into∣∣∣∣(AdµTi + Sd,1µTi ± Sd,2µTi)+ 7074 AuµTi
∣∣∣∣ < 1.6× 10−7, (22)
for mu˜L = md˜R = mν˜L = 100 GeV. This is a new strong constraint which was not considered
before to our knowledge. This is as good as those obtained from ∆mK , ∆mB [11] or the
neutrinoless double beta decay experiments [10]. It also constrains different combinations
of Rp−violating couplings.
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III. CONSTRAINTS FROM τ DECAYS
Now, we consider lepton–family number violating (LFNV) tau decays into a meson and
a lepton, τ → l+ PS (or V ), where l = e or µ, PS = π0, η, or K0, and V = ρ0, ω,K∗, or φ.
The relevant effective lagrangian has been already constructed in the previous subsection,
Eqs. (5) and (7). The matrix element for 〈l, PS(or V )|Leff |τ〉 can be evaluated using PCAC
conditions :
〈π0(p)|uγµγ5u(0)|0〉 = ifpipµ = −〈π0(p)|dγµγ5d(0)|0〉,
〈η(p)|uγµγ5u(0)|0〉 = ifpi√
3
pµ = 〈η(p)|uγµγ5u(0)|0〉 (23)
〈η(p)|sγµγ5s(0)|0〉 = −2ifpi√
3
pµ,
〈K(p)|dγµγ5s(0)|0〉 = i
√
2fKpµ;
and using CVC conditions,
〈ρ0(p, ǫ)|uγµu(0)|0〉 = mρfρǫµ∗ = −〈ρ0(p, ǫ)|dγµd(0)|0〉,
〈ω0(p, ǫ)|uγµu(0)|0〉 = mωfωǫµ∗ = 〈ω0(p, ǫ)|dγµd(0)|0〉, (24)
〈φ(p, ǫ)|sγµs(0)|0〉 = mφfφǫµ∗,
〈K∗(p, ǫ)|dγµs(0)|0〉 = mK∗fK∗ǫµ∗.
The pseudoscalar meson decay constants, fpi = 93 MeV and fK = 113 MeV, are extracted
from the leptonic decay of each pseudoscalar meson, whereas the vector meson decay con-
stants, fρ = 153 MeV, fω = 138 MeV, fφ = 237 MeV, and fK∗ = 224 MeV, can be obtained
from ρ0(or ω, φ)→ e+e− and τ → K∗ + ντ .
Let us consider τ(k, s)→ ek(k′, s′)+V (p, ǫ). From the effective lagrangians Eqs. (5)-(7),
one gets the corresponding amplitude as
M(τ → ek + V ) = 1
8
AV fVmV ǫ
∗
µ ekγ
µ(1− γ5)τ, (25)
where
AV = AV=(ujui) + AV=(djdi), (26)
AV=(ujui) = −
∑
m,n,p
V †miVjn
m2
d˜Rp
λ
′
3mpλ
′∗
knp (27)
→ −∑
p
λ
′
3ipλ
′∗
kjp
m2
d˜Rp
for Knp = δnp (28)
AV=(djdi) =
∑
m,n,p
V †npVpm
m2u˜Lp
λ
′
3njλ
′∗
kmi (29)
→∑
p
λ
′
3piλ
′∗
kpj
m2u˜Lp
for Knp = δnp. (30)
7
The decay rate for the τ → ek + V is given by
Γ(τ → ek + V ) = 1
128π
|AV |2f 2V
[
2k · pk′ · p+m2V k · k
′
] |~p|
m2τ
. (31)
The limit on the AV is given in Table I. Note that these limits in Table I are comparable to
those from τ → 3e, eµ+µ−, 3µ, and so on. However, these two classes of tau decays constrain
different combinations of λ and λ
′
from τ → 3e, eµ+µ−, or 3µ. Therefore, it is worthwhile
to consider τ → ek + V , in addition to τ → ek + γ and τ → ll′+l′−, as an independent
probe of lepton–family number violation beyond SM. These decays are also easier to study
experimentally compared with another decays τ → ek + PS to be considered below, since
one can tag the dilepton emerging from the decay of a vector meson V (except for K∗0 which
decays mainly into Kπ).
Next, consider τ(k, s)→ ek(k′, s′) + PS(p). There are two contributions : one from the
axial vector current of quarks, and the other from the pseudoscalar density of quarks. Using
the equations of motion for the lepton spinors and p = k− k′ , one can transform the former
to the latter :
pµl¯(k
′
, s
′
)γµ(1− γ5)τ(k, s)→ l¯ (−ml(1− γ5) +mτ (1 + γ5)) τ
≃ mτ l¯(1 + γ5)τ, (32)
ignoring the final lepton mass. Therefore, the corresponding amplitude derived from the
effective lagrangians, Eqs. (5) and(6) can be written as
M(τ → ek + PS) = ek(APSL PL + APSR PR)τ, (33)
which leads to the following decay rate :
Γ(τ → ek + PS) = mτ
64π
[
|APSL + APSR |2 + |APSL −APSR |2
]
, (34)
where PS(= π0, η,K) denotes the final pseudoscalar meson. We have ignored the final
lepton mass compared to the tau mass. The relevant APSL,R’s for PS = π
0, η,K0 are given by
the following expressions :
Api
0
L =
∑
n
λ
′∗
n11λn3k
2m2ν˜Ln
fpim
2
pi
2md
, (35)
Api
0
R = −
∑
n
λ
′
n11λ
∗
nk3
2m2ν˜Ln
fpim
2
pi
2md
− ∑
m,n,p
V †npVpm
4m2u˜Lp
mτfpiλ
′
3n1λ
′∗
km1
+
∑
m,n,p
V †m1V1n
4m2
d˜Rp
mτfpi λ
′
3mpλ
′∗
knp, (36)
AηL = −
∑
n
λ
′∗
n11λn3k
2m2ν˜Ln
fpim
2
η√
3× 2md
+
∑
n
λ
′∗
n22λn3k
2m2ν˜Ln
2fpim
2
η√
3× 2ms
, (37)
AηR = +
∑
n
λ
′
n11λ
∗
nk3
2m2ν˜Ln
fpim
2
η√
3× 2md
−∑
n
λ
′
n22λ
∗
nk3
2m2ν˜Ln
2fpim
2
η√
3× 2ms
8
+
∑
m,n,p
V †npVpm
4m2u˜Lp
(
λ
′
3n1λ
′∗
km1 − 2λ
′
3n2λ
′∗
km2
) fpimτ√
3
(38)
+
∑
m,n,p
V †m1V1n
4m2
d˜Rp
λ
′
3mpλ
′∗
knp
fpimτ√
3
,
AK
0
L = −
∑
n
λn3kλ
′∗
n12
2m2ν˜Ln
√
2fKm
2
K
(md +ms)
, (39)
AK
0
R =
∑
n
λ∗nk3λ
′
n21
2m2ν˜Ln
√
2fKm
2
K
(md +ms)
+
∑
m,n,p
V †npVpm
4m2u˜Lp
λ
′
3n1λ
′∗
km2
(√
2fKmK
)
. (40)
In numerical analyses, we use the following current quark masses :
mu = 5 MeV, md = 10 MeV, ms = 200 MeV. (41)
Comparing with the experimental upper limits on these SM-forbidden decays, we get the
constraints shown in Table II. For the superparticle masses of 100 GeV, the constraints are
all order of 10−2− 10−3, which are in the similar range as the constraints obtained from the
τ → ek + V . (See Table I.)
IV. CONSTRAINTS FROM J/ψ AND pi0 DECAYS
Finally, let us consider J/ψ → eiej with i 6= j, and similar decays for Υ and π0. Since the
J/ψ and Υ mainly decay via strong and electromagnetic interactions, these particles would
give weaker constraints on LFNV couplings compared to the weak transitionis/decays we
have considered before. However, in these decays, the relevant LFNV couplings from the
effective lagrangian Eq. (7) differ from those in the others, and are simpler than those in the
τ → l+ PS. Normalizing the decay rate for the J/ψ → eiej (with i 6= j) to the SM process
J/ψ → e+e−, we get (summing over two charged modes)
Γ(J/ψ → eiej + eiej)
Γ(J/ψ → e+e−) =
9
64
m4ψ
(4πα)2
|A(ij)J/ψ|2, (42)
with
A
(ij)
J/ψ =
∑
m,n,p
V †m2V2n
m2
d˜Rp
λ
′∗
impλ
′
jnp. (43)
We have neglected the final lepton masses. For the Upsilon decays into eie¯j , one can replace
mψ by mΥ, and multiply the above ratio by a factor of 4
3.
Unfortunately, there is no published upper limit on J/ψ(or Υ(1S))→ eµ, µτ , or eτ . For
example, the upper limit on the ratio
3Note that Qb = −|e|/3 = −Qc/2.
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Γ(J/ψ → e±µ∓)
Γ(J/ψ → e+e−) < 10
−4 (44)
would imply |A(12)J/ψ| < 7.2 for md˜R = 100 GeV. As one might expect, this limit is not that
stringent, since J/ψ (and Υ) decays mainly through strong and electromagnetic annihila-
tions, and not through weak annihilation. However, one may still try to search for the LFNV
J/ψ decays at Tau-Charm factories. Note that λ
′
22pλ
′
12p has never been constrained before.
Similarly, the effective lagrangians, Eqs. (5) and (7) contribute to the decays π0 → e+e−
and η → l+l− as well as the LFNV decay π0 → e±µ∓. In these decays, the (pseudo)scalar ×
(pseudo)scalar couplings in Eq. (5) give the largest contributions because they are enhanced
by a factor of m2pi/md compared with mpi or mµ, if the couplings and the masses of the
superparticles are in the same order of magnitude. So we ignore the contributions from
(V −A) quark currents in Eqs. (5)-(7). In this approximation, the amplitude for π0 → eie¯j
becomes
M(π0 → eie¯j) = AP,L ej,Lei,R + AP,R ej,Rei,L, (45)
with
AP,L =
fpim
2
pi
8md
∑
n
λ
′
n11λ
∗
nij
m2ν˜Ln
, (46)
AP,R = −fpim
2
pi
8md
∑
n
λ
′∗
n11λnji
m2ν˜Ln
. (47)
The resulting decay rate is (after summing over the charge conjugate state)
Γ(π0 → µ±e∓) = mpi
16π
[
|AP,L + AP,R|2 + |AP,L −AP,R|2
] (
1− m
2
µ
m2pi
)2
. (48)
For the LFNV decays π0 → e±µ∓, there is a tight upper bound on the branching ratio,
1.72× 10−8. This implies that (for m ˜νLn = 100 GeV)∣∣∣∣∣
∑
n
(
λ
′
n11λ
∗
n12 ± λ
′∗
n11λn21
)∣∣∣∣∣ < 0.14. (49)
For the lepton number conserving decay π0 → e+e−, the branching ratio is known to be
B(π0 → e+e−) = (7.5± 2.0)× 10−8, (50)
which is dominated by the so-called unitarity bound coming from π0 → γγ → e+e−. This
unitarity bound is calculable, and known to be [18]
Γunit(π
0 → e+e−)
Γ(π0 → γγ) =
α2
2βe
m2e
m2pi
[
ln
(
1 + βe
1− βe
)]2
= 4.75× 10−8, (51)
with βe =
√
1− 4m2e/m2pi0 . Extracting this unitary bound from the experimental branching
ratio and assuming no large contributions from the dispersive part of the two-photon contri-
butions (ReAγγ) or large cancellation between ReAγγ and the Rp−violating contributions,
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we can put the (90 % C.L.) limit on the contribution from the Rp−violating interactions in
Eq. (5) :
∣∣∣∣∣
∑
n
(
λ
′
n11λ
∗
n11 ± λ
′∗
n11λn11
)∣∣∣∣∣ < 0.15, (52)
for mν˜L = 100 GeV.
V. CONCLUSIONS
In conclusion, we considered several different LFNV processes : (i) the muonium conver-
sion, (ii) µ−+ 4822Ti→ e−+ 4822Ti, (iii) τ decays into a lepton and a meson, τ → l+PS (or V ),
and (iv) J/ψ(Υ, π0) → eiek. From these processes, we got constraints on the R−parity
violating couplings and the superparticle masses. Some of these constraints are new, and/or
stronger than constraints from other popular processes such as τ → µ(e) + γ, τ → ll′+l′−,
etc.. We got one of the strongest constraints, Eq. (22), from µ− → e− conversion on the
48
22Ti nucleus. This originates from the fact that the R−parity violating terms can give
tree-level contributions to the processes considered in this work. In many supersymmetric
models with R−parity conservation, on the other hand, LFNV processes usually arise from
one-loop Feynman diagrams, so that the most important one is often the electromagnetic
penguin (µ− → e−γ) contribution to µ− + 4822Ti→ e− + 4822Ti. Therefore, dedicated searches
for these decays at PSI, Tau–Charm factories and other facilities are clearly warranted, and
are very important, because they will provide us with hints of new physics beyond the SM
via lepton flavor violations from any origin, including those from supersymmetric models
with/without R−parity conservations.
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TABLES
TABLE I. Constraints from τ → l + V with l = e or µ, and V = ρ0,K∗ or φ. In the table
we use the notations, up ≡ (100 GeV/mu˜Lp)2 and dp ≡ (100 GeV/md˜Rp)2. Data are taken from
the recent results reported by CLEO Collaborations, Ref. [17]. Sum over m,n, p = 1, 2, 3 is to be
understood.
final state Bexp Combinations constrined Constraint
eρ0 < 4.2× 10−6 V †npVpmλ
′
3n1λ
′∗
1m1up < 3.5× 10−3
V †n1V1mλ
′
3npλ
′∗
1mpdp < 3.5× 10−3
eK∗0 < 6.3× 10−6 V †npVpmλ
′
3n1λ
′∗
1m2up < 3.0× 10−3
µρ0 < 5.7× 10−6 V †npVpmλ
′
3n1λ
′∗
2m1up < 4.2× 10−3
V †n1V1mλ
′
3npλ
′∗
2mpdp < 4.2× 10−3
µK∗0 < 9.4× 10−6 V †npVpmλ
′
3n1λ
′∗
2m2up < 3.8× 10−3
TABLE II. Constraints from τ → l + PS with l = e or µ, and PS being a light pseudoscalar
meson. In the table we use the notations, nn ≡ (100 GeV/mν˜Ln)2, up ≡ (100 GeV/mu˜Lp)2, and
dp ≡ (100 GeV/md˜Rp)2. Data are taken from Ref. [16]. Sum over m,n, p is to be understood.
final state Bexp Combinations constrained Constraint
epi0 < 1.4× 10−4 λn31λ′∗n11nn, λ∗n13λ
′
n11nn < 6.4× 10−2
V †npVpmλ
′
3n1λ
′∗
1m1up, V
†
m1Vn1λ
′
3mpλ
′∗
1npdp < 6.6× 10−2
µpi0 < 4.4× 10−5 λn32λ′∗n11nn, λ∗n23λ
′
n11nn < 3.6× 10−2
V †npVpmλ
′
3n1λ
′∗
2m1up, V
†
m1Vn1λ
′
3mpλ
′∗
2npdp < 3.7× 10−2
eK0 < 1.3× 10−3 λn31λ′∗n12nn, λ∗n13λ
′
n21nn < 8.5× 10−2
V †npVpmλ
′
3n1λ
′∗
1m2up < 4.0× 10−1
µK0 < 1.0× 10−3 λn32λ′∗n12nn, λ∗n23λ
′
n21nn < 7.6× 10−2
V †npVpmλ
′
3n1λ
′∗
2m2up < 3.6× 10−1
eη < 6.3× 10−5 λn31λ′∗n11nn, λ∗n13λ
′
n11nn < 4.5× 10−3
λn31λ
′∗
n22nn, λ
∗
n13λ
′
n22nn < 4.5× 10−2
V †npVpm(λ
′
3n1λ
′∗
1m1 − 2λ
′
3n2λ
′∗
1m2)up < 7.8× 10−2
V †m1V1nλ
†
3mpλ
′∗
1npdp < 7.8× 10−2
µη < 7.3× 10−5 λn32λ′∗n11nn, λ∗n23λ
′
n11nn < 4.8× 10−3
λn32λ
′∗
n22nn, λ
∗
n23λ
′
n22nn < 4.8× 10−2
V †npVpm(λ
′
3n1λ
′∗
2m1 − 2λ
′
3n2λ
′∗
2m2)up < 8.2× 10−2
V †m1V1nλ
†
3mpλ
′∗
2npdp < 8.2× 10−2
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